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CCDs, data reduction, noise

- To Measure the Sky
- Handbook of CCD astronomy
- Introduction to CCDs:
astro.kent.ac.uk/~df/teaching/ph507/tel_4.pdf

Prof. Jorge Meléndez
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CCDs: size$

• Typically (old: 256x256, 512x512 pixels), 1024 
x 1024, 2048x2048, 4096 x 4096

Pixels of ~10 – 20 µm
• One of the largest is CCD231-C6 da E2V:
6144 x 6144 pixels
The pixels are 15µm in size
Total size: 92.16 mm x 92.40 mm
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3Discovery Channel Telescope

Teledyne



LMI (Large 
Monolithic Imager) 
of Discovery Channel 
Telescope (4,3m) at 
Lowell Observatory 

NGC 891 is an edge-on spiral galaxy, located about 10 Mpc (32 million light-
years) away. The exposure was unguided and consist of ten 1-min exposures 
in B, five 1-minute exposures in V, and six 1-minute exposures in R. This was 
the ``first-light" image obtained with LMI obtained on September 12, 2012. 
The field of view shown is 11.7 arcminutes on a side.
Total field of view of CCD is about 13’ x 13’
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http://www.lowell.edu/techSpecs/LMI/LMI.html
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Teledyne
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Kepler planet hunter

Mosaic of 42 
1024x2048 CCDs

FOV about 12o 
diameter, but each 
pixel has ~ 4 arcsec

Teledyne



GAIA: 106 CCDs from Teledyne e2V
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ESA’s GAIA mission had the largest focal 
plane (1x0.4m) launched in space (Dec 

2013): 106 CCD91-72 sensors, each 
4500 X 1966 pixels (pixel 10x30 m)Blue p hoto m

eter  330 - 680 nm

Red p hotom
eter  640 -  1050  nm

Spectrograph 
845 - 873 nm

Astrometric Field CCDs

Basic angl e 
m

onitor

W
avefron t sensor

W
avefro nt sens or
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8-m telescope
6-band (0.3-1.1 micron) wide-field deep astronomical survey of over 20,000 square 
degrees. Each patch of sky will be visited about 1000 times in ten years.
3200 Megapixels -- 9.6 square degree field of view -- 30 terabytes per night

LSST: Large Synoptic Survey Telescope, 2023?
Vera Rubin

189 CCDs (4096x4097 pixels)
FOV 3.5o diameter  



STA also produces huge chips
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http://www.sta-inc.net/



STA1600
• 10560 x 10560 
• 9 um pixel CCD
• 95.2 × 95.1 mm 
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http://www.sta-inc.net/product-1/
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http://www.sta-inc.net/wp-content/uploads/2010/08/Overwhelmingly-Large-CCDs-for-Astronomy.pdf
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http://www.sta-inc.net/wp-content/uploads/2010/08/Overwhelmingly-Large-CCDs-for-Astronomy.pdf



CCD reading
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© Handbook of CCD Astronomy



Transfer efficiency
• Early values about 0,999 (99,9%).
For 200 transfers (100x100 array) :
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© Handbook of CCD Astronomy

• Modern values (year 2000), charge transfer 
efficiency ~ 0,999 999



Quantum efficiency (Q.E.)

Q.E. = 
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           number of detected photons
            number of incident photons

http://www.lna.br/opd/instrum/ccd/qefull_105_160.html

Quantum efficiency  -  CCD 105 (OPD)



Quantum efficiency
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http://www.sta-inc.net/wp-content/uploads/2010/08/Overwhelmingly-Large-CCDs-for-Astronomy.pdf

For STA arrays



Bias

• A bias frame is an exposure of zero duration 
taken with the camera shutter closed and all 
lights off

• “zero point” of reading
• Get at least 5-10 bias and combine using the 

median
• Problem: variations during the observing run?
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Bias & overscan
• Mean value of the bias could also be obtained 

from the overscan region of the CCD
• If you forgot to observe bias frames 
     bias = median(overscan)
• If there are changes in 
the bias, you can use the
overscan region to correct
for those changes. 
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Flat
Image to correct differences in the sensibility of the 
CCD. Observe at least 5-10 flats.
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1,6m do OPD
Março 2013

“dome” flat



Dark (current)

• Dark current is due to random counts from 
the thermal effect. Is negligible in cooled CCDs

• Could be important only for very weak objects
• Should be exactly of the same observing time 

as in your object, or scale with time:
Dark/time = (Dark – bias)/time
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Dark current of a TEK1024 CCD
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“dark” 
includes 
the bias 
level

If the object is very faint, perhaps you should get “dark 
frames” of the same exposure time as the “science 

frame”. In this case, “bias frames” are not needed, as 
the “dark frame” includes bias counts + accumulated 

extra counts from the dark current.
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For modern CCDs cooled to low temperatures, the 
dark current is very low, and therefore we could 
ignore dark current and only use “bias frames”.



Readout noise
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noise and readout speed for an EEV4280 CCD



Noise in a CCD image
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Sqrt(e-)
Per “frame” Can be lowered 

cooling the detector
(CCD: liquid nitrogen or 
thermoelectric cooling; 
Infrared detectors: liquid 
nitrogen or helium)



Resfriamento via liquid nitrogen ($) or Thermoelectric cooling



Linearity
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Bias

Linear limit
Saturation



Count vs. e-: GAIN

• Gain is reported in terms of electrons/ADU 
(analog-to-digital unit)

• Gain = 8 means each “count” = 8 e-
• 8e-/ADU
• In statistics (e.g. photon noise) you must use 

the number of e- and not the counts (ADU)

28



CCD IkonL 9867

Resfriamento via 
Thermoelectric cooling



1,6m
22/5/22

No DS9, 
display 
fits 
header:

GAIN 3.7

RDNOISE 
26.6

Saturação = 
78041e- / 
3.7 = 21092 
counts



Zeiss
22/5/22

No DS9, 
display 
fits 
header:

GAIN 5.2

RDNOISE 
24.4

Saturação = 
149122e- / 
5.2 = 28677 
counts



Poisson distribution (of variable x)
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Describes distribution in counting experiments

Variance = mean

 average rate (e.g., #contagens/s)

© To measure the sky
For example, if you hear average of 2.8 drops of rain/second, probability P(x, 2.8)



Poisson distribution (of variable x)
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Describes distribution in counting experiments

Variance = mean

 average rate (e.g., #contagens/s)

© To measure the sky
For example, if you hear average of 2.8 drops of rain/second, probability P(x, 2.8)

N: número de fótons/s
→ Incerteza  = sqrt(N)

Mais 
fótons → 
menos 
ruído 
relativo



Signal, noise & background
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Background

Signal
Noise

Is it possible to detect a signal weaker than the sky 
background?

Fl
ux

Pixel

For a detection, the 
signal >> noise, 
meaning S/N >> 1
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© Robert Smith, Observational Astrophysics

Background

Signal
noise

Backgroundnoise

S/N >> 1

S/N ~ 1

Signal-to-noise ratio (S/N)
S/N = 2: tentative detection

S/N = 3: OK
S/N = 5: firm detection



Measurement, signal, background
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© Robert Smith, Observational Astrophysics

S = M - B



• S = M - B

• σS
2 = σM

2 + σB
2

• Neglecting readout noise & dark current: 

S/N = <S>/noise = <S>/sqrt(σS
2)

S/N = (<M> - <B>)/sqrt(σM
2 + σB

2)
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Measurement, signal, background, noise



• S = M - B

• σS
2 = σM

2 + σB
2

• Neglecting readout noise & dark current: 

S/N = <S>/noise = <S>/sqrt(σS
2)

S/N = (<M> - <B>)/sqrt(σM
2 + σB

2)

S/N = (<M> - <B>)/sqrt(M + B)
38

Measurement, signal, background, noise



• S = M – B,      σS
2 = σM

2 + σB
2

S/N = (<M> - <B>)/sqrt(M + B)

If B ~ 0 (e.g., low sky emission):

S/N ~ <M>/sqrt(M)
S/N = sqrt(M)
Example, M=10000 e-,  S/N = 100
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Measurement, signal, background, noise



Slides from previous years



GAIA DR2 party
25/4/2018
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GAIA DR2
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G magnitudes for 1.7 billion sources, colors for 1.4 billion.
Positions, parallaxes, proper motions for 1.3 billion stars.
Teff for 161 million, Radial velocities for 7.2 million stars

Release 25/April/2018. More than 60 papers in 4 weeks!
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Gaussian (or normal) distribution
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μ

 is independent of μ

© To measure the sky

Seems to describe the distribution of very large number of 
different experiments 

Is a continuous distribution



Standard normal distribution
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μx












Each Fe measurement has 
an an error (Poisson 
distribution) 

Different Fe measurements follow 
~Gaussian (normal) distribution

± 1: 68,27%
± 2: 95,45%
± 3: 99,73%
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